The growth of the scale of cities intensifies urban heat island (UHI) by obstructing the wind and building more radiation at pedestrian level, thus leading to an energy consumption. Commercial pedestrianized-zones cannot only become symbols of cities but also an important factor increasing local economic income. This study conducts on-site measurement and numerical simulation to evaluate the cooling energy efficiency of different parameters (building, vegetation, pavement material) in Fo Shan city, which locates in hot-summer and warm-winter climate region of China. Also, calculations are done to evaluate the index physiological equivalent temperature (PET) for understanding thermal sensation at a pedestrian level (1.5 m). To evaluate different impacts of this zone renewal on the environment and choose the most energy-saving method, it is easy for us to utilize the linear regression for understanding the relationship between coverage ratio of trees (TCR) and thermal comfort in canyon space, which shows that ∆PET = 0.1703 × TCR + 0.2444 with a most important R 2 value of 0.9836, for TCR increases from 12.5% to 22%. In open space, also increasing coverage ratio of trees (TCR) can effectively improve humans' thermal comfort, which shows that ∆PET = 0.2644 × TCR + 0.3955 with a most important R 2 value of 0.8892.
Introduction
Increasing population density and fast urban growth have increased the vulnerability of different cities to the global climate change [1] . With the urban heat island effect (UHI) and high-density development of cities, increasing heat issues have triggered a series of health problems for humans; moreover, outdoor thermal discomfort and extreme heat are becoming more fatal to the elderly and the people with chronic disease [2] . Humans' outdoor thermal comfort is mainly about thermo-physiology and outdoor heat energy balance [3] . In addition, heat stress may lead to the excessive energy consumption of buildings; in densely populated cities, particularly Asian cities, the energy cost of buildings is nearly 40% of the total energy cost. According to the national standard, the Thermal Design Code for Civil Building (GB50176-93), China consists of five different climate regions, including a temperate climate region, hot-summer and cold-winter climate region, cold climate region, hot-summer and warm-winter climate region, and severe cold climate region [4] . A previous study on the trends of energy consumption in a hot-summer and warm-winter climate region during summer showed that the energy cost of air conditioning constitutes 50% of buildings' energy costs each year [3] . Because air-conditioned buildings in the built environment are also affected by outdoor microclimates, building a more efficient outdoor environment can effectively decrease indoor energy consumption. Urban pedestrianized zones are known for their convenience, vitality, and commercial value and are not only landmarks of cities or metropolises, but they can also increase local financial income. Unlike in urban canyon space, local design specifications ensure that the average building height does not exceed three stories in order to maintain the commercial value [5] . According to prior studies, humans' thermal sensation in outdoor built blocks is affected by building density [6] , street orientation and typology [7] [8] [9] , urban greening planted in different canyons [10, 11] , and the thermal properties of pavement materials [12] .
The outdoor environment is different from the indoor environment. Humans standing in the street will experience fluctuations in the outdoor stimuli due to two different forms of radiation, which influence thermal sensation directly. The first form is called short-wave radiation, which is emitted from the sun. The second form is long-wave radiation, which is emitted by the terrestrial surfaces that surround humans [13] . To the extent that human bodies come in direct contact with other surfaces, they will gain and lose heat by conduction. In addition, human bodies on urban streets dissipate heat through evaporation. Human energy balance can be expressed in terms of the rate at which energy is absorbed or emitted by a unit area of the surface of the human body and combined as a net exchange of solar radiation R n between humans and the outdoor environment ( Figure 1 ):
where K dir means the direct short-wave radiation incident on humans, K dif means the diffuse short-wave radiation incident on humans, K h is the indirect radiation incident on humans reflected by horizontal surfaces, K v is the indirect radiation incident on humans reflected by vertical surfaces, as is the albedo of human skin and clothes, (1 − a s ) is the ratio of the short-wave radiation that is absorbed by humans, L d is the long-wave radiation incident on humans that is emitted downwards by the sky, L h is the long-wave radiation incident on humans emitted by horizontal surfaces, L v is the long-wave radiation incident on humans emitted by vertical surfaces, and L s is the long-wave radiation emitted by humans into the outdoor environment.
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where Kdir means the direct short-wave radiation incident on humans, Kdif means the diffuse shortwave radiation incident on humans, Kh is the indirect radiation incident on humans reflected by horizontal surfaces, Kv is the indirect radiation incident on humans reflected by vertical surfaces, as is the albedo of human skin and clothes, (1 − as) is the ratio of the short-wave radiation that is absorbed by humans, Ld is the long-wave radiation incident on humans that is emitted downwards by the sky, Lh is the long-wave radiation incident on humans emitted by horizontal surfaces, Lv is the long-wave radiation incident on humans emitted by vertical surfaces, and Ls is the long-wave radiation emitted by humans into the outdoor environment. In fact, many previous studies have focused on reducing the demand for saving energy and enhancing human life [14] [15] [16] . The alteration of urban morphology is an effective method to attenuate solar radiation in the daytime. Increasing building height can decrease the sky view factor (SVF) and In fact, many previous studies have focused on reducing the demand for saving energy and enhancing human life [14] [15] [16] . The alteration of urban morphology is an effective method to attenuate solar radiation in the daytime. Increasing building height can decrease the sky view factor (SVF) and increase the aspect ratio (H/W). Several studies have shown that there is a strong correlation between humans' thermal comfort and H/W; a street with a high H/W will produce a large shading region, which can mitigate heat stress effectively [7, 9, 17] . SVF is a number ranging from 0 to 1 that controls the incoming of solar radiation. Studies have investigated whether a street with a low SVF has a lower daytime air temperature [18, 19] . In addition, a study on the effect of street canyons explained that street orientation has the largest influence on improving humans' thermal comfort at a pedestrian level in southern China. Additionally, trees and other vegetation can provide shading for canyon space and reduce ambient air temperature [8] . Vegetation's evaporation and transpiration can effectively alleviate heat stress. Previous studies have shown that the cooling effect of shading is better than evapotranspiration, thus contributing to energy saving [20, 21] . A microclimatic study on the block scale showed that a 10% increase in the coverage ratio of green plants would produce a 0.8 • C cooling effect [22, 23] . The modification of paving material is also another method to alleviate heat stress in extreme summer temperatures [24, 25] . In order to obtain a deep understanding of humans' thermal sensation in extreme summer temperatures, some thermal comfort indices have been proposed. These indices include the standard effective temperature (SET) [26] , perceived temperature (PT) [27] , outdoor standard effective temperature (OUT_SET) [28] , physiological equivalent temperature (PET) [29] , and universal thermal climate (UTCI) [30, 31] . The PET index aims to simplify the outdoor microclimate as an index for a person, which depends on the Munich energy balance model of individuals (MEMI) [29] [30] [31] [32] . This model is based on thermoregulatory processes, such as the constriction of peripheral blood vessels and physiological sweat rate. In addition, the model is based on the equation: M + W + R + C + E D + E Re + E SW + S = 0, where M represents the metabolic rate, W represents humans' physical working output, R represents humans' net radiation, C is the convective heat, E D is the imperceptible perspiration, E Re is the sum of the heat of inhaled air, E SW is the heat flow related to evaporation, and S is the storage of heat flow. So far, previous studies have generally performed on-site measurements and numerical simulations. The utilization of numerical simulations can overcome the limitations of on-site measurements and get a temporal scenario of the interest domain [33] [34] [35] . Taha used vegetation model software as a strategy to alleviate the UHI effect [36] . Dimoudi and Nikolopoulou used the computational fluid dynamics (CFD) modeling to test the cooling effect of various parameters [24] . Bruce and Fleer utilized a CFD model that simulates microclimates in summer, ENVI-met, to investigate impacts on mitigating the UHI effect [37] . ENVI-met 4.0 is a three-dimensional microclimate tool designed to simulate the relation between building surfaces, vegetation, and outdoor air with a resolution of 0.5-10 m in space and 10 s in time. The reason for choosing ENVI-met is that it is the most suitable model in terms of the calculation of outdoor thermal comfort. To date, there have been many studies conducted on the development of UHI effects on humans' thermal comfort in urban spaces [15, [38] [39] [40] , but most of them discuss the individual parameters separately, lacking a comparative standard to assess the relative importance of different parameters in the urban built environment; moreover, no study has been conducted to analyze the commercial pedestrian block. In addition, many thermal studies on reducing the UHI effect have been conducted in the USA [41] , Japan [42] , Dubai [43] , and Greece [44] . There have been few studies related to the hot-summer and warm-winter climate region in China. Therefore, the aim of this study is to perform on-site measurements and numerical simulations to calculate different urban design parameters' efficiencies on a commercial pedestrian block. Regression analyses are conducted to consider the characteristics of each different parameter in this zone. The final findings of this research will provide a comparative assessment that considers the effect of multiple parameters on reducing PET and improving humans' thermal comfort during business hours, thus helping local managers and policymakers to enhance outdoor energy efficiency and improve environmental sustainability. Moreover, this study will fill a gap in the literature on thermal studies of commercial pedestrianized zones.
Methods

Subsection
Fo Shan (23 • 02 W, 113 • 06 E), located in Guang Dong province (southern China) (Figure 2 ), is in a hot-summer and warm-winter climate region ( Figure 3 ) [4] . Recently, according to data concerning the local weather of Fo Shan, the maximum air temperature in hot summer can reach 37 °C [45] . Figure 4 shows the daily maximum air temperature in July 2016. Ling Nan Tian Di block is located in the center of Fo Shan city, which is a significant space for increasing local tourism. Despite the uncomfortable thermal conditions in extreme summer, visiting the pedestrianized zone in this season is still popular [46] . Figure 5 shows the location of this commercial region. Recently, according to data concerning the local weather of Fo Shan, the maximum air temperature in hot summer can reach 37 °C [45] . Figure 4 shows the daily maximum air temperature in July 2016. Ling Nan Tian Di block is located in the center of Fo Shan city, which is a significant space for increasing local tourism. Despite the uncomfortable thermal conditions in extreme summer, visiting the pedestrianized zone in this season is still popular [46] . Figure 5 shows the location of this commercial region. Recently, according to data concerning the local weather of Fo Shan, the maximum air temperature in hot summer can reach 37 • C [45] . Figure 4 shows the daily maximum air temperature in July 2016. Recently, according to data concerning the local weather of Fo Shan, the maximum air temperature in hot summer can reach 37 °C [45] . Figure 4 shows the daily maximum air temperature in July 2016. Ling Nan Tian Di block is located in the center of Fo Shan city, which is a significant space for increasing local tourism. Despite the uncomfortable thermal conditions in extreme summer, visiting the pedestrianized zone in this season is still popular [46] . Figure 5 shows the location of this commercial region. Ling Nan Tian Di block is located in the center of Fo Shan city, which is a significant space for increasing local tourism. Despite the uncomfortable thermal conditions in extreme summer, visiting the pedestrianized zone in this season is still popular [46] . Figure 5 shows the location of this commercial region. According to the different spatial geometry of this region, the whole area is divided into seven parts. Figure 6 shows detailed information about the different selected points. In order to obtain an accurate understanding of the different spatial geometry of the chosen points, hemispherical photos of these selected points are captured by fisheye lens in Figure 7 . 
Methodological Framework
The methodological framework is displayed in Figure 8 . The current study includes numerical simulations and on-site measurements by validating a process of on-site measurements against an initial software model to develop some suggestions to redesign this area and find out the most effective way to improve outdoor energy efficiency. We conducted the on-site measurement to obtain the information of the whole commercial zone (Including grass, trees, paving material, and building) and then parameterize the simulated model using software ENVI-met. On-site measurement at 7 different areas were carried out, where the measured data is compared to the simulated results of According to the different spatial geometry of this region, the whole area is divided into seven parts. Figure 6 shows detailed information about the different selected points. According to the different spatial geometry of this region, the whole area is divided into seven parts. Figure 6 shows detailed information about the different selected points. In order to obtain an accurate understanding of the different spatial geometry of the chosen points, hemispherical photos of these selected points are captured by fisheye lens in Figure 7 . 
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The methodological framework is displayed in Figure 8 . The current study includes numerical simulations and on-site measurements by validating a process of on-site measurements against an initial software model to develop some suggestions to redesign this area and find out the most effective way to improve outdoor energy efficiency. We conducted the on-site measurement to obtain the information of the whole commercial zone (Including grass, trees, paving material, and building) and then parameterize the simulated model using software ENVI-met. On-site measurement at 7 different areas were carried out, where the measured data is compared to the simulated results of ENVI-met by linear regression to validate the simulated results. The output data from ENVI-met, including air temperature, relative humidity, wind speed, and mean radiant temperature, together were initial data for calculating thermal comfort index PET. Consequently, regression analyses were conducted between PET and percentage of different design parameter to assess their relationship. At last, the final conclusions and suggestions for the architects, urban planners, and policy makers are given.
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On-Site Measurement
On-site measurements were evaluated to understand the outdoor thermal environment to characterize the microclimate of this zone. Measurements were carried out on 24 July 2016 (the hottest day in July 2016), and all the data were recorded from 9:00 to 17:00. The equipment was covered by a radiation shield and lifted up to a height of 1.5 m above the ground. Detailed information regarding the instruments is shown in Table 1 . 
The Numerical Simulation
The Simulated Conditions in This Study
As mentioned above, the microclimatic model was used in ENVI-met software, mainly because of the capability of model, based on the theory of CFD, to build plant-surface-atmosphere interactions concerning the outdoor environment by using different buildings, various pavement materials, and various vegetation in different configurations [47] .
The accuracy of ENVI-met has been assessed in many previous studies by comparing the simulated result to the measured result [15, [41] [42] [43] [48] [49] [50] . These tests have proven that ENVI-met can 
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The Numerical Simulation
The Simulated Conditions in This Study
As mentioned above, the microclimatic model was used in ENVI-met software, mainly because of the capability of model, based on the theory of CFD, to build plant-surface-atmosphere interactions concerning the outdoor environment by using different buildings, various pavement materials, and various vegetation in different configurations [47] . The accuracy of ENVI-met has been assessed in many previous studies by comparing the simulated result to the measured result [15, [41] [42] [43] [48] [49] [50] . These tests have proven that ENVI-met can accurately simulate outdoor microclimates in different climates. The vegetation in ENVI-met can not only be designed as a porous media to solar radiation and incoming wind, but also can be represented as a biological body that interacts with the outdoor microclimate through evapotranspiration.
As we all know, ENVI-met builds vegetation based on the leaf area density (LAD) and the leaf area index (LAI). The following equation explains the relationship between the two factors:
where h means the height of the tree (m) and z means the vertical grid size. With respect to energy absorption, the distribution of the leaf density and the height of the plant are estimated in the simulations to illustrate two different kinds of solar radiation. A folder concerning the leaf area density of this planted border tree in this zone was set as the measured tree, based on the on-site measurements, including the fisheye images and vertical configurations. The images were then put into software Hemisfer for calculating the LAD and LAI. According to the on-site measurement, the name of local border tree is the Bischofia Javanica (Figure 9 ), and the detailed information about this tree species was added to the plant database to finish this research ( Table 2) . 
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The Simulated Model in ENVI-Met
The vegetation models were provided by ENVI-met database; however, all the simulated modeling systems must be validated against the on-site measurements to ensure their accuracy with respect to their ability to produce outputs in the outdoor environment. Therefore, on-site measurements were conducted in this research to validate the simulated results against the measured results. The initial input data of the different meteorological parameters used in ENVI-met for the simulations are displayed in Table 3 . The total simulation time was 24 h, starting at 0:00 on 24 July The green grass used in this block is shown in Figure 10 . 
The vegetation models were provided by ENVI-met database; however, all the simulated modeling systems must be validated against the on-site measurements to ensure their accuracy with respect to their ability to produce outputs in the outdoor environment. Therefore, on-site measurements were conducted in this research to validate the simulated results against the measured results. The initial input data of the different meteorological parameters used in ENVI-met for the The vegetation models were provided by ENVI-met database; however, all the simulated modeling systems must be validated against the on-site measurements to ensure their accuracy with respect to their ability to produce outputs in the outdoor environment. Therefore, on-site measurements were conducted in this research to validate the simulated results against the measured results. The initial input data of the different meteorological parameters used in ENVI-met for the simulations are displayed in Table 3 . The total simulation time was 24 h, starting at 0:00 on 24 July 2016, with a calculation each minute. The simulated results were output on a one-hour basis. The modeled region in ENVI-met is shown in Figure 11 , in which the buildings occupy 63.3% of this whole area, the trees covers 12.5%, grass is 3.0%, and the pavement material is 21.2%. The modeled region in ENVI-met is shown in Figure 11 , in which the buildings occupy 63.3% of this whole area, the trees covers 12.5%, grass is 3.0%, and the pavement material is 21.2%. In this study, the whole area was modeled in three ways. First, a satellite photo obtained from Google Maps was used to model some built-up elements in this site. Second, the location and plant types were defined. Third, the pavement material of this area was characterized (Figure 12 ). In this study, the whole area was modeled in three ways. First, a satellite photo obtained from Google Maps was used to model some built-up elements in this site. Second, the location and plant types were defined. Third, the pavement material of this area was characterized (Figure 12 ). 
The Validation between the Simulated and Measured Data
As mentioned above, in this study, the PET index was used to assess the outdoor thermal sensation in summer, and it can be understood as the air temperature that makes the human body's thermal conditions in the indoor environment in balance with humans' skin and core temperatures in the complicated outdoor environment. Moreover, this index has been approved as an outdoor thermal comfort index by the VDI (Association of German Engineers) standard of Germany and has also been used for a long time.
Based on published data by the nearest weather station [45] , Fo Shan city is in a calm wind area, which shows that the PET is not influenced by wind velocity. The corresponding value and impact of different parameters can be estimated as follows:
where PET represents humans' thermal comfort in this region; PETS is the new thermal comfort after changing different parameters; and ∆PET is the gap between PET and PETS. Equation (3) can explain the modification of outdoor thermal comfort in new cases. According to previous research, the outdoor humans' thermal sensation in a hot-summer and warm-winter climate region is shown in Table 4 [50] . To evaluate the deviation between the measured result and the simulated result, the root mean square error (RMSE) was used in this study. The index 
where PET represents humans' thermal comfort in this region; PET S is the new thermal comfort after changing different parameters; and ∆PET is the gap between PET and PET S . Equation (3) can explain the modification of outdoor thermal comfort in new cases.
According to previous research, the outdoor humans' thermal sensation in a hot-summer and warm-winter climate region is shown in Table 4 [50] . To evaluate the deviation between the measured result and the simulated result, the root mean square error (RMSE) was used in this study. The index RMSE is a frequently used measure of the differences between values predicted by a model or an estimator and the values observed, representing the square root of the second sample moment of the differences between the predicted values and the observed values, which is a significant factor for the calculation of error [51, 52] . Table 4 . Thermal sensation of a hot-summer and warm-winter climate region [50] . If the RMSE reaches or approaches zero, the most accurate model is achieved. Lower RMSE values mean that the simulated results are within the measured value. In our study, each RMSE is calculated through nine sets of data from 9:00 a.m. to 5:00 p.m. Figure 13 shows that, given the RMSE values between the measured and simulated data (in Figure 13a) , the model demonstrates favorable performance with respect to the aspect of wind speed, with RMSE values from 0.01 to 0.08 m/s. Figure 13b shows the RMSE of air temperature, in which point-4 has the highest error during daytime, reaching 4.6 • C. This error can be attributed to the position of the instruments. Because point-4 is an open space, the data instrument is not fixed at the middle of this space and instead is fixed along the sidewalk. Other points range from 1.1 to 3.1 • C. In Figure 13c , similar to the results for air temperature, a big gap also appears at point-4 in the results for relative humidity. If the RMSE reaches or approaches zero, the most accurate model is achieved. Lower RMSE values mean that the simulated results are within the measured value. In our study, each RMSE is calculated through nine sets of data from 9:00 a.m. to 5:00 p.m. Figure 13 shows that, given the RMSE values between the measured and simulated data (in Figure 13a) , the model demonstrates favorable performance with respect to the aspect of wind speed, with RMSE values from 0.01 to 0.08 m/s. Figure 13b shows the RMSE of air temperature, in which point-4 has the highest error during daytime, reaching 4.6 °C. This error can be attributed to the position of the instruments. Because point-4 is an open space, the data instrument is not fixed at the middle of this space and instead is fixed along the sidewalk. Other points range from 1.1 to 3.1 °C. In Figure 13c , similar to the results for air temperature, a big gap also appears at point-4 in the results for relative humidity. Besides the RMSE index, analyzing the regression between the measured and simulated data is another step to evaluate the simulated model. A good linear regression was obtained, as shown in Figure 14 , where the correlation coefficient (R 2 ) value for wind speed is between 0.7307 and 0.9001, R 2 value for air temperature of this region ranges from 0.7544 to 0.9847, and the values for relative humidity are within 0.7664 and 0.9813. The gap between the simulated and measured data may be caused by anthropogenic heat from humans during the measured period. These results are similar or even smaller than in previous studies [11, 53, 54] . The final linear regression values prove that ENVImet is a reliable software to conduct the type of research used in this study.
Thermal Sensation PET ( • C)
Discussions and Results
The simulations in this study aimed to achieve a comparative evaluation of the cooling effect of different urban design parameters and choose the most effective strategy to improve outdoor thermal comfort in a commercial pedestrianized zone. Simulations of the true urban environment were carried out, including the geometry of the buildings and street canyons, to assess the effect of different parameters on thermal processes and increasing the outdoor energy efficiency. For each parameter, Figure 13 . Root-mean-square error (RMSE) between the measured and the simulated data.
Besides the RMSE index, analyzing the regression between the measured and simulated data is another step to evaluate the simulated model. A good linear regression was obtained, as shown in Figure 14 , where the correlation coefficient (R 2 ) value for wind speed is between 0.7307 and 0.9001, R 2 value for air temperature of this region ranges from 0.7544 to 0.9847, and the values for relative humidity are within 0.7664 and 0.9813. The gap between the simulated and measured data may be caused by anthropogenic heat from humans during the measured period. These results are similar or even smaller than in previous studies [11, 53, 54] . The final linear regression values prove that ENVI-met is a reliable software to conduct the type of research used in this study.
supply extra canopy coverage for this zone in accordance with local design specifications (increasing the green coverage ratio to 25%) [5] . In case-3, the grass coverage ratio was increased to alleviate heat stress, and the green coverage ratio was the same as in the second case. Case-4 aimed to research the cooling effect of the pavement material with higher albedo. Table 5 shows the cases modeling the future scenarios. 
Scenario
Selection Strategies Base-case Existing parameters in this study domain Case-1
The average building height is increased Case-2
The number of trees increased in the block Case-3
The grass is increased in the block Case-4
The pavement material is changed to the one with higher albedo
Spatial Distribution of PET at Hottest Time
According to previous studies, the hottest time of the day occurs between 14:00 and 15:00. The distribution of PET values in this block at 14:00 is shown in Figure 15 . 
Discussions and Results
The simulations in this study aimed to achieve a comparative evaluation of the cooling effect of different urban design parameters and choose the most effective strategy to improve outdoor thermal comfort in a commercial pedestrianized zone. Simulations of the true urban environment were carried out, including the geometry of the buildings and street canyons, to assess the effect of different parameters on thermal processes and increasing the outdoor energy efficiency. For each parameter, hourly PET was carried out by ENVI-met. The new strategies were modeled in four different ways. As explained above, the new models were simulated under the same microclimate conditions as the existing scenario. In case-1, the building height was increased in accordance with the local design specification, which restricts buildings in the pedestrianized zone from exceeding three floors to protect the commercial value of this region [5] . In case-2, the total numbers of trees were increased to supply extra canopy coverage for this zone in accordance with local design specifications (increasing the green coverage ratio to 25%) [5] . In case-3, the grass coverage ratio was increased to alleviate heat stress, and the green coverage ratio was the same as in the second case. Case-4 aimed to research the cooling effect of the pavement material with higher albedo. Table 5 shows the cases modeling the future scenarios. 
Scenario Selection Strategies
Base-case Existing parameters in this study domain Case-1
Spatial Distribution of PET at Hottest Time
According to previous studies, the hottest time of the day occurs between 14:00 and 15:00. The distribution of PET values in this block at 14:00 is shown in Figure 15 . In accordance with humans' thermal sensation in the hot-summer and warm-winter climate region of China [54] , almost all the selected points are located within the "hot" and "very hot" stages. In addition, in order to obtain a deep understanding of the thermal sensation of the different selected points, Figure 16 was established to show the existing scenario, in which the extreme summer PET of different points can reach up to between 45.7 and 65.6 °C Figure 16 . The PET of the selected points at 14:00.
Cooling Effect of Different Parameters
As mentioned above, based on the current conditions of the simulated model, this existing case is defined as the base case, and four new cases were developed to compare and evaluate the cooling In accordance with humans' thermal sensation in the hot-summer and warm-winter climate region of China [54] , almost all the selected points are located within the "hot" and "very hot" stages. In addition, in order to obtain a deep understanding of the thermal sensation of the different selected points, Figure 16 In accordance with humans' thermal sensation in the hot-summer and warm-winter climate region of China [54] , almost all the selected points are located within the "hot" and "very hot" stages. In addition, in order to obtain a deep understanding of the thermal sensation of the different selected points, Figure 16 was established to show the existing scenario, in which the extreme summer PET of different points can reach up to between 45.7 and 65.6 °C Figure 16 . The PET of the selected points at 14:00.
As mentioned above, based on the current conditions of the simulated model, this existing case is defined as the base case, and four new cases were developed to compare and evaluate the cooling 
As mentioned above, based on the current conditions of the simulated model, this existing case is defined as the base case, and four new cases were developed to compare and evaluate the cooling effect of different parameters. Figure 17 shows the base case and the four new cases with different coverage ratios of different parameters. In case-1, as mentioned above, the buildings in the pedestrianized zone did not exceed three stories. This case aimed to increase building height to understand its cooling effect, in which the three-story building coverage ratio was increased to 63.3% of the area.
In case-2, the tree coverage ratio was increased to 22% in order to better understand its influence. As in case-2, in case-3, the grass coverage ratio was increased to improve outdoor thermal comfort and evaluate its cooling effect in accordance with the local design specification.
Case-4 changed the existing pavement material to assess its cooling effect and determine its potential to increase the outdoor energy efficiency. Figures 18 and 19 show the improvement of PET the study area based on the new cases. The PETs at peak time (14:00) were compared to that of the base case at the pedestrian level (1.5 m) ( Figure  18 ).
The PET Improvement (∆PET) of New Cases
In Figure 18 , the detailed cooling effect of different cases can be observed, in which the PET results were processed with the same range and conditions to obtain a fair comparison between the existing scenario and the four new cases. In case-1, as mentioned above, the buildings in the pedestrianized zone did not exceed three stories. This case aimed to increase building height to understand its cooling effect, in which the three-story building coverage ratio was increased to 63.3% of the area.
Case-4 changed the existing pavement material to assess its cooling effect and determine its potential to increase the outdoor energy efficiency. Figures 18 and 19 show the improvement of PET the study area based on the new cases. The PETs at peak time (14:00) were compared to that of the base case at the pedestrian level (1.5 m) (Figure 18 ).
In Figure 18 , the detailed cooling effect of different cases can be observed, in which the PET results were processed with the same range and conditions to obtain a fair comparison between the existing scenario and the four new cases.
In the simulated result, increasing the tree coverage ratio of case-2 can significantly improve humans' thermal comfort, especially in open spaces (point-4), where ∆PET ranges from 2.0 to 8.2 • C. In addition, trees also can affect the thermal comfort in canyon space, which can reduce the PET from 0.3 to 6.3 • C (case-2). Its function can be attributed to transpiration and shading during daytime. In case-1, even increasing building height and increasing the coverage ratio of three-story buildings can also alleviate heat stress. Figures 18 and 19 show the improvement of PET the study area based on the new cases. The PETs at peak time (14:00) were compared to that of the base case at the pedestrian level (1.5 m) ( Figure  18) .
In Figure 18 , the detailed cooling effect of different cases can be observed, in which the PET results were processed with the same range and conditions to obtain a fair comparison between the existing scenario and the four new cases. In the simulated result, increasing the tree coverage ratio of case-2 can significantly improve humans' thermal comfort, especially in open spaces (point-4), where ∆PET ranges from 2.0 to 8.2 °C. In addition, trees also can affect the thermal comfort in canyon space, which can reduce the PET from 0.3 to 6.3 °C (case-2). Its function can be attributed to transpiration and shading during daytime. In case-1, even increasing building height and increasing the coverage ratio of three-story buildings can also alleviate heat stress.
However, it is not obvious what is worse. The microclimatic conditions in open space (point-4, point-7) do not change too much. Meanwhile, increasing the grass coverage ratio (case-3) and replacing pavement material with higher albedo material (case-4) also can reduce PET effectively. However, the extent cannot be analyzed in case-1 and case-2.
In this research, numerical simulations were conducted to evaluate the correlation between different cases and outdoor thermal sensation in hot summer. The current results display the distribution of PET modifications through the synergistic effect of the different parameters. The next section will provide more detailed information about the effects of each different case.
Correlation between Different Parameters and Humans' Thermal Comfort
As mentioned above, the study area consisted of open space and canyon space. Each parameter had different influence on different spaces. The effectiveness of different parameters in open space is shown in Figure 20 . However, it is not obvious what is worse. The microclimatic conditions in open space (point-4, point-7) do not change too much. Meanwhile, increasing the grass coverage ratio (case-3) and replacing pavement material with higher albedo material (case-4) also can reduce PET effectively. However, the extent cannot be analyzed in case-1 and case-2.
As mentioned above, the study area consisted of open space and canyon space. Each parameter had different influence on different spaces. The effectiveness of different parameters in open space is shown in Figure 20 .
The R 2 between PET and a different parameter represents the proportion that can be interpreted by variables of different regression models [54] . In the above figure, a strong positive correlation was found between the tree coverage ratio and ∆PET (case-2), in which we can conclude that a 2% increase of the percentage of trees would reduce the PET by 0.8 • C. Meanwhile, an invalid relationship between the percentage of three-story buildings and ∆PET can be observed (case-1). The impacts of grass (case-3) and pavement material with a high albedo (case-4) were found to reduce PET effectively, but the extent is limited.
As mentioned above, the study area consisted of open space and canyon space. Each parameter had different influence on different spaces. The effectiveness of different parameters in open space is shown in Figure 20 . As in open space, in canyon space (Figure 21 ), increasing the tree coverage ratio can also reduce PET effectively (case-2). An increase of 2% in the percentage of trees would lead to a 0.4 • C of PET in canyon space. In addition, increasing the percentage of three-story buildings can make a contribution to improve thermal comfort (case-2); thus, the effect can be attributed to the canopy-shading, which can impede radiation. In accordance with the multiple regression analysis of the other two cases (case-3 and -4), it can be concluded that grass land and pavement material with a high albedo can also improve thermal comfort in canyon space. Grass can improve thermal comfort by reducing reflected radiation. Pavement material with lower albedo may be easily heated up by radiation, so it is necessary to reduce the coverage ratio of such materials in this zone. The R 2 between PET and a different parameter represents the proportion that can be interpreted by variables of different regression models [54] . In the above figure, a strong positive correlation was found between the tree coverage ratio and ∆PET (case-2), in which we can conclude that a 2% increase of the percentage of trees would reduce the PET by 0.8 °C. Meanwhile, an invalid relationship between the percentage of three-story buildings and ∆PET can be observed (case-1). The impacts of grass (case-3) and pavement material with a high albedo (case-4) were found to reduce PET effectively, but the extent is limited.
As in open space, in canyon space (Figure 21 ), increasing the tree coverage ratio can also reduce PET effectively (case-2). An increase of 2% in the percentage of trees would lead to a 0.4 °C of PET in canyon space. In addition, increasing the percentage of three-story buildings can make a contribution to improve thermal comfort (case-2); thus, the effect can be attributed to the canopy-shading, which can impede radiation. In accordance with the multiple regression analysis of the other two cases (case-3 and -4), it can be concluded that grass land and pavement material with a high albedo can also improve thermal comfort in canyon space. Grass can improve thermal comfort by reducing reflected radiation. Pavement material with lower albedo may be easily heated up by radiation, so it is necessary to reduce the coverage ratio of such materials in this zone. In order to obtain a deep understanding of the contribution of each parameter during daytime in different spaces, the result, which indicates the R 2 , is presented in Figure 22 , and the R 2 is classified into different levels of importance. In order to obtain a deep understanding of the contribution of each parameter during daytime in different spaces, the result, which indicates the R 2 , is presented in Figure 22 , and the R 2 is classified into different levels of importance. Figure 21 . Correlation between thermal comfort and the coverage ratio of different parameters in canyon space at 14:00.
In order to obtain a deep understanding of the contribution of each parameter during daytime in different spaces, the result, which indicates the R 2 , is presented in Figure 22 , and the R 2 is classified into different levels of importance. In view of thermal comfort, the PET index in this study was used to calculate the energy balance of the human body, which is directly affected by surrounding factors. The numerical simulation results suggest that a useful prediction of the effects of a pedestrianized zone's renewal can assist policymakers and city planners in choosing the best way to improve humans' thermal sensation, thus helping to reduce outdoor energy consumption and improve energy efficiency effectively. In view of thermal comfort, the PET index in this study was used to calculate the energy balance of the human body, which is directly affected by surrounding factors. The numerical simulation results suggest that a useful prediction of the effects of a pedestrianized zone's renewal can assist policymakers and city planners in choosing the best way to improve humans' thermal sensation, thus helping to reduce outdoor energy consumption and improve energy efficiency effectively.
